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REMARKS 

It is Applicants' understanding that all previous rejections and objections have been 
resolved excpt for the obviousness rejection under 35 USC 103(a) based upon Sisler, US Patent 
6,194,350; Daly, et. aL, US Patent 6,017,849; and Minkin (1997, IDS Reference) and the double 
patenting rejections (which will be resolved upon approval by the Office of the previously filed 
Terminal Disclaimers). 

The following comments relate to the rejections detailed in the Office Action. 

Rejection under 35 USC S 103(a) 

Claims 1 and 1 1 are rejected under under 35 USC § 103(a) as being unpatentable over 
Sisler, K, US Patent No. 6,194,350 ('"350"), Daly, et ah, US Patent 6,017,849 ("'849"), and 
Minkin, et al., Theochem, NL 9 1997, 398-399, pp. 237-253 ("Minkin") in that all the references 
teach cyclopropene derivatives and methods of blocking ethylene receptors in plants- The 
Office Action stated that in their prior Response, Applicants' had not overcome this rejection, 
partially because Applicants had addressed each reference individually, not the references in 
combination. 

It is still Applicants' position that Minkin is not a valid reference for obviousness, either 
alone or in combination with '350 and c 849. Minkin presents a completely different problem 
and solution from those addressed by '350 and '849. 6 350 and 6 849 relate to the use of 
cyclopropenes to inhibit the ethylene response in plants while Minkin relates to computational 
modeling of the mechanisms of circumambulatory rearrangements of main-group migrants (that 
is, substituents) in the cyclopropene ring. There is no disclosure, teaching, or suggestion of 
biological activity of any kind in Minkin. Minkin is concerned with the various mechanistic 
factors related to substituent group migrations in the cyclopropene ring and comparison of those 
factors with substituent group migrations in cyclopentadienes (see the Abstract; page 238, first 
full paragraph; page 251, Conclusions), In addition, Minkin does not actually disclose the 
synthsis of any compound discussed. Rather, the reference is limited to computational 
modeling of hypothetical compounds (see the Abstract; page 238, first column, line 22 to end of 
paragraph; page 238, Methods; page 239 first column, lines 8-11; page 243, first column, lines 
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18-21; page 247 first column, lines 4-7 and second column). Therefore, Minkin should not be 
considered as being an enabling reference as it does not describe the synthesis of any particular 
cyclopropene nor their use for any purpose other than computational, mechanistic studies. In 
order to advance prosecution of this Application, Applicants have, in their prior response, added 
the dithiofbrmyl group (the substituted in compounds 13a, 13b, 13c, and 13d) to those 
substituent groups which are disclaimed (see In re Johnson andFamham, 194 USPQ 187, 196 
(1977). 

The Minkin compounds specifically noted by the Examiner; that is, compound 2b in 
Scheme 1 on page 239 and compounds 13a, 13b, 13c, and 13d on page 247 are not claimed by 
Applicants. Compound 2b is a tetrasubsituted cyclopropene (three phenyl groups and an -NCS 
or -SCN group) whereas Applicants' claimed compounds require at least two hydrogen 
substituents. Compounds 13 a-d are now disclaimed. In any case, however, due to the non- 
analogus nature of Minkin, Applicants* compounds would not be obvious to one skilled in the 
art based upon this reference. There is no disclosure, teaching, or suggestion in Minkin that 
would motivate one skilled in the art who was seeking compounds to inhibit the action of 
ethylene in or on plants to prepare Applicants' claimed compounds. 

"350 discloses a method of inhibiting an ethylene response in a plant comprising 
applying to the plant an effective ethylene response-inhibiting amount of a cyclopropene 
containing from 1 to 4 R groups wherein each R is independently a C6-C20 alkyl, alkenyl, or 
alkynyl. '350 further defines "alkyl, alkenyl, and alkynyl" as follows: "...one or more of the 
carbons in one or more of the R groups is replaced by a group such as ester groups, nitriles, 
amines, amine salts, acids, acid salts, esters of acids, hydroxyl groups, halogen groups, and 
heteroatoms selected from the group consisting of oxygen and nitrogen or where such chains 
include halogen, amino, alkoxy, carboxy, alkoxycarbonyl, oxycarbonylalkyl, or hydroxy 
substituents/ 1 In essence, what this means is that each R group must contain a minimum of six 
non-hydrogen atoms which are selected from the group consisting of carbon, oxygen, nitrogen, 
or halogen. Those substituents of the cyclopropene ring which are not R groups must be 
hydrogen. 

However, '350 also teaches that examples of the preferred compounds of their invention 
include hexyl, heptyl, octyl, nonyl, and decyl substituents and that the alkyl groups are 
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preferably linear and saturated (see col. 2, lines 44-46). All of the working examples of '350 
are linear alkyl substituted 1 -cyclopropenes, including the comparative examples. Therefore, 
one skilled in the art, who was attempting to prepare alternatives to those compounds disclosed 
in '350 would not be motivated to prepare Applicants* compounds, which are cyclopropenes 
with complex substituent groups which include heterocyclic or carbocyclic rings, substituents 
with atoms not disclosed, taught, or suggested by 4 3 50 (such as, for example, silicon, sulfur, 
boron, and phosphorous), or compounds with multiple substituent patterns. On the contrary, 
one skilled in the art seeking to find ethylene inhibiting cyclopropenes would be motivated by 
the teachings in '350 to seek compounds with linear alkyl groups. There is no disclosure, 
teaching, or suggestion in *350 that would motivate one skilled in the art in the direction of 
Applicants' claimed compounds 

'849 discloses encapsulated cyclopropene derivatives in which the cyclopropene is 
substituted with from 1 to 4 of hydrogen, saturated or unsaturated C J -C4 alkyl, hydroxy, 
halogen, CI to C4 alkoxy, amino, and carboxy. The cyclopropene compounds are the same as 
those previously disclosed in an earlier patent by Sisler, US Patent No. 5,518,988, which 
discloses ethylene response antagonistic cyclopropenes substituted with from 1 to 4 of Cl to C4 
saturated or unsaturated alkyl, hydroxy, halogen, alkoxy, amino, and carboxy. The difference 
between '350 and 4 849 is that 6 849 teaches encapsulation of the cyclopropenes originally 
disclosed in Sisler's US Patent No. 5,518,988. Thus, this reference discloses and teaches that 
cyclopropenes comprising a certain, and again, limited, group of small substituents can be 
encapsulated and then used as effective ethylene antagonists. 

Furthermore, '849 teaches that preferred compounds are cyclopropene (that is, an 
unsubstituted compound), dimethylcyclopropene, and methylcyclopropene (see col 6, lines 37- 
46; col. 7, lines 49-50 and 61; and claims 3 and 6). Most preferably, the alkyl groups are single 
carbon or linear (see col. 9, lines 42-43). All the working examples in '849 utilize 1- 
methylcyclopropene. Therefor, one skilled in the art seeking to find ethylene inhibiting 
cyclopropenes would be.motivated by the teachings in '849 to those compounds with small 
substituted groups and, preferably, linear alkyl groups. There is no disclosure, teaching, or 
suggestion in '849 that would motivate one skilled in the art in the direction of Applicants' 
claimed compounds. 
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It should be noted that in an earlier publication by Sisler, Physiohgia Plantarum 100: 
577-582, 1997 (copy of which is included in this response), the authors note the huge difference 
in biological activity between a cyclopropene with two small alkyl substituent groups (3,3- 
dimethyl cyclopropene) when compared to an unsubstituted cyclopropene and a monosubstituted 
cyclopropene (1 -methyl cyclopropene). The authors found that the disubstituted cyclopropene 
was approximately lOOOx less active than the unsubstituted or monosubstituted cyclopropene 
(see page 578, Table 1 ). This referrence, by the inventor of '350, supports Applicants' position 
that one skilled in the art would not be motivated to substitute the cyclopropene ring with the 
more complex substituent groups and multiple substituent groups claimed by Applicants. 
Applicants' data found in Table 3 of the Application shows results that differ significantly from 
the pattern observed by Sisler for cyclopropene, l-methylcyclopropene, and 3,3- 
dimethylcyclopropene. See, in particular, compounds 17 and 1 8 vs. compounds 1 9 and 20 and 
compound 8 vs. compound 17. 

In combination, Minkin, 6 350, and '849 provide no more motivation to one skilled in the 
art to prepare Applicants' claimed compound than do each of these references separately. '350 
is an extension of the disclosure of 4 849 in that it discloses and teaches ethylene antagonistic 
cyclopropenes containing from 1 to 4 of C6 to C20 alkyl, alkenyl, and alkyoyl groups 
substituted with a very similar group of substituents as those disclosed in '849. However, the 
substituent groups again are quite limited in scope. Both references teach that preferred 
substituent groups are linear alkyl groups. In both references all of the working and 
comparative examples are cyclopropenes substituted with linear alkyl groups. One of ordinary 
skill in the art and familiar with these references would note that the cyclopropene substituent 
groups disclosed in '350 and '849 are not significantly different than those disclosed in the 
original Sisler patent (US 5,51 8,988), that is, that they are linear alkyl groups and, therefore, 
would conclude that active cyclopropenes must contain only such substituent groups. 

As noted above, Minkin provides no motivation to one skilled in the art to modify the 
compounds disclosed in '350 and '849 to provide ethylene inhibitory compounds. In feet, 
Minkin provides no motivation at all to prepare any cyclopropene compounds. Minkin is 
concerned only with the various calculated energy states of substituted cyclopropenes as they 
undergo various rearrangements of substitutent groups around the cyclopropene ring. 
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Applicants, on the other hand, have discovered that cyclopropenes with ethylene 
inhibition activity can contain substituent groups, or substituent group patterns, which are 
significantly different from those disclosed, taught, or suggested by fc 350 and '849, as well as 
Minkin. These very different substituent groups are selected from, a 4 to 1 4 membered 
carbocyclic or heterocyclic ring system; certain silicon, sulfur, phosphorous, or boron- 
containing groups; and a combination of large and small substituent groups. There is no 
disclosure, teaching, suggestion, or motivation in *350, 4 849, and/or Minkin, either alone or in 
combination, that would lead one skilled in the art to Applicants* claimed cyclopropenes. 
Therefore, the subject matter as a whole of Applicants* claims would not have been obvious to a 
person having ordinary skill in the art with a knowledge of '350, 4 849, and Minkin. 

With this response, Applicants believe that the rejections have been overcome and the 
claims are in condition for allowance. Should the Examiner have any suggestions which may 
put the Application in better condition for allowance, Applicants' attorney is willing to discuss 
any such suggestions either by phone or at the U. S, Patent and Trademark Office. 



Respectfully submitted, 




Thomas D, Rogerson, Ph.D. 
Attorney for Applicants 
Registration No. 38,602 
Telephone: 215-619-1569 



Patent Department, 7 th Floor 
Rohm and Haas Company 



100 Independence Mall West 
Philadelphia, PA 19106-2399 
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PHYSIOLOCIA PLANTARUM 100: S77-5R2. »W 



Inhibitors of ethylene responses in plants at the receptor level: 
Recent developments 



E. C. Sfclcr and M. Scrvk 



Sisk-v. V.. C ami Se«V, M. I'W7, Inhibitors of ethylene responses in plants ai iht- re- 
ceptor level: Recent developments. - Physiol. WatH. 1 00: 577-5?i2. 

A number of organic molecules that appear to Mock the ethylene receptor have been 
discovered recently For example, on irradiation wuh visible lighl. dia/t>eyvlnpenluUi- 
cue tDACT), gives rise M» some poicnl but as yet unidentified inhibitor compounds. 
Some ►ynthctic cyvlotwipcnc* have been sh«»wn m S!nd to the ethylene ncvepior ami 
prevent Ok: physiological ik*1«00 of ethylene for extended rXTiods.Cyclopronenc (CP). 
I niclhylcyvlopn»pcnc (l-MCI v > and* \:Wdiinctfcylfycloprvpcne <.V-I?MCP> h,iw 
been shown to prevent ethylene cflteclh in a number of plants. As low a concentration 
as 0,5 nl I 'ol l-MCP is s\ifT»eknu to protect carnation {thvnthus *vrypph\-!luA\ flow- 
vris fur several days against ethylene, and 0 ? id J ' I.MC'V ov CT win rnweni the K|>- 
cuiny <»r Satmna \Muxtt Mtiiwinm) li>r I? days at 24T'. Some plan' orpin* require 
higher cornroni rat ions of these inhibitory Complete inhibition of ethylene cfircts in 
|va seedlings requires treatment wiih 40 til I 1 of l-MC'V* These novel inhibitors af> 
petir to he AuiisiMo for nianv oumntcrvial applications iucludiuj; extending ihc taw life 
of cut flowers ant) the display life of (Kitted plants. Since I -MCI* apparency is 
iion-Uixic at c*>tueiil ration* that a»c active, it may in future be available lor regutalin; 
the rtpcniiij! of fnui* ami preventing the deleterious effects of ethylene in vegetables* 

Kty urw/f • CI', eyclopropeoc, DACT. diaXucydopenUKtiene, ?,3-OMCT V.l-dtmeth- 
yWyclopropciw, ethylene actum inhibitors, ethylene receptor, I -VICT. l-n>ctliylcycto- 
propeuc. 

<'. NiAiVr: ih'pi of Jtitxjtcmistrv Ntnth t'omtina Smte (/mr.. A/C.W Ho.\ 7622. Rtt 
tt'ifth. SC 7ft22. U\-\ on<( hi. Sitvk {i'frrexfMvtitinx author, t'-maif mtttgrfifw, 

srirlWvjwi.kvi tfkf, l>?srt i*f Axrh »fft*r%it ,SVr«'«iv.v, Hr^hrvliuit'. R'*yttt V<wrinury 
ttmf Ailrii'ullt/mt UniK. Rtttixhrttw} I A f>K-tVf0i f 'rcrt<>riftshrrf> (\ Ormnurit. 



Introduction 

The potent e fleets of ethylene on plant growth and de- 
velopment were firsi discovered al the turn of the. cen- 
tury (Ncljubov 1901). Although much has since been 
learned about the role of this simple plant hormone, trs 
mode of action is still imperfectly understood. Early on, 
it was ahown thut other compounds such ;is ctirbon mon- 
oxide » acetylene , ornl propene had similar activities, but 
at much higher concentrations than ethylene. Carbon di- 
oxide was also shown long ago to be on antagonist of 
ethylene; much research points to the ethylene receptor 
as the site of this inhibition but this has not been veri- 
fied. 



In 1967, Burg and Hurg. based on a correlation be- 
tween the relative cthylene-like activity of a number of 
compounds and their known order of binding to silver 
ion, postulated the presence of a mem! in the ethylene re- 
ceptor. Although no metal has yet been shown to be 
present, the information obtained so for is best explained 
by this hypothesis. Sisler iind Pian (1973) reported that 
2,5-norbomadtcnc counteracted ethylene in a competi- 
tive manner. Since then other coi\ij»ounds. e.g. trtms-cy- 
cluoctcnc, have been shown to counteract ethylene by 
interacting with the receptor but. like 2,5-norbowadienc. 
require continuous exposure, o high concentration, and 
have o strong odour (Stslcr and Ynng 19*4. SisJcr 1V91 ). 
Beyer (1976) reported that silver ion negated ihc effects 



KttcWcd 14 February, 1997; revised 24 Man*. 
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of ethylene. The effect was considered to be non-com- 
petitive. Silver, applied in the form of thkjsutOue, is a 
very effective inhibitor of ethylene responses, but as it is 

0 heavy metal it cannot be used on food and feed, and 
has been objected to by environmentalists. It has been 
used with much success on cut flowers and potted 
plants. How silver acts is not known for certain, but it 
may also act at the receptor level (Veen I9ft6). 

Recently, organic molecules that block the ethylene 
receptor for extended periods have been discovered. 
Some of these render tissues insensitive to ethylene for 
1U-12 days and act at concentrations as low as 0.5 nl V 1 . 

In this paper we review the current status, probable 
mode of action, and future prospects for the use of these 
compounds. Much of the earlier work on the ethylene re- 
ceptor has been reviewed by Sisler (1991). 

Akbrtvteirotw - CP. cyclopropane; DACP. <cm*otyt;H»r>en(adi- 
ene; 3.7-DMCP. 3>Uimcttylcvcl<H'rop™c; NMCP, lnWhyl- 
CycloproptrtC: STS, silver ln>psu)faic. 

Diasiicyctopcnladieno 

Diaxocyclopcntadicne (DACP) (Sisler and Blankenshtp 
1<>93a.b, Sisler et al. 1993) is a wenk inhibitor of ethylene 
responses, but upon irradiation with visible tight gives rise 
to one or several much more active components that block 
ethylene responses for many days. Al 25°C. this blockage 
lasts about 10-12 duys in Lyrttprrxican cscutemum (to- 
mato) fruits, and »t I4.5°C »t is about twice that long. The 
active component in irradiated DACP has m>t been identi. 
fied but the products appear to be very unstable. A major 
problem with DAC1 > ix that it is explosive in high concen- 
trations, which limits it* commercial iKefulncs>s. Products 
from the irradiation of PACP have ht^n shown u> inhibit 
the effects of ethylene in fruits of banana, kiwirnrit vW- 
tfnidia i!Hicioxn) y persimmon (Piospymx kikih avocado 
(Pemw amcrUtina) (E. C. Sisler and N. Uillu. uupub- 
lished results), tomato (Sisler «nd Blankcnship 1993b. 
Sisler and Lallu 1994) and several ornamentals including 
carnation* geranium (PdarRvniuw zonal?) and ruse (Kwa 
hybrida) (Scrck et al. 1993, 1994,0. 

Cyclop ropenes 

Cyclopropenes (Sisler et al. 1996a,b) have been found lo 
be effective antagonists of the ethylene response. CP, 
1-MCP and 3.3-DMCP are all active, but CP and 1-MCP 
are about I 000 limes more active than 3,3-DMCP (Tab. 
1). All of these are gusscs at room temperature and have 
no obvious odour at the concentrations needed to protect 
plants. Most of the studies to date have been done with 

1 -MCP, since it is more stable than CP and more active 
than 3,3-DMCP. 

Preparation and physical properties 

1-MCP is the most useful compound among recently de- 
veloped inhibitors of eUiylene responses. It is more sttt- 
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Tat>. I. Mirthmim conccniMimn Jm d time of inxensitivily m ^ 
sapienrwn fruits. 



Compound 



Concentration. 
nM"' 



InsenMtiviiy, 
dnyx 



1-MCP 0.5 

( I -me thy icyciopropenc) 

CP 05 

(cyctoprvpenc) 

3.3-MCP 500 

f 3,3 -dinwirh yJcycU>t>ropcne) 



12 
12 
7 



ble than CP and is active at a considerably lower con 
central ion, and providing protection for a longer time 
than 3,3-DMCP. It is not yet available commercially, 
thus details of its synthesis will be given here. Ada pied 
from the method of Magid et »1. (1970), the following 
procedure provides a preparation of I -MCP suitable for 
most cxpcrimenutl purposes. 

Synthesis of l-MCP 

Place a rubber stopper m a test (or other) tube and pull a 
high vacuum through a hypodermic syringe to remove 
the uir, Flame the tube while the vacuum is being pulled 
to drive out moisture. Allow an inert gas (helium, argon 
or nitrogen) that in free of oxygen and water to enter. Re- 
peat twice, With a hypodermic syringe tliyt rms been 
Hushed with ingn gra remove and inject 5 ml of 1.8 M 
solution of phcnyllithium (Alctrtch Chemical Co.. Mil 
waukec, W| t USA) in solvent of 7<>% cyclohcxatte and 
30% dhcr. Inject inert g;is »* the phenyl lithium is re- 
moved from its container h* prevent air from entering. 
Allow the excess gas pressure in the tube to be relieved. 
Over about 30 min inject 0.3 ml of 3-chlnro-2 -methyl- 
propene (Atdrich Chcmicul Co.). As I -MCP is formed, 
white lithjgm chloride will precipitate and the lithium 
sail of J -MCP will he in solution. This is tfublc in the 
freezer (-2<FC) for months. 

To prepare J -MCP, withdraw i\ sample through the 
stopper and inject it into a scaled container containing 
some water. Aldricb Sure Seal bottles are convenient but 
not necessary. After warming and shaking* excess or- 
ganic solvent can be withdrawn through the stopper. In- 
ject some saturated ammonium sulfate solution to form a 
seal. Store inverted. The concentration of I -MCP in the 
tube can be determined by gas chromatography using a 
hydrocarbon separation column other than alumina (an 
alumina OC column destroys t-MCP). There will bo 
three major peaks if ether-cyctohexonc is used as sol- 
vent. 1-MCP will be the first peak, which can be cali- 
brated against butane (or possibly ethylene). The prepa- 
ration contains some impurities, but as it contains so 
much activity the impurities usually can be ignored, 

Biotechnologies for Horticulture Inc.. 122 Towef 
Drive. Hurr Ridge. 1L 60523-5795. USA. is expected t° 
market commercial preparations of 1-MCP during 1997- 

PbywiLPltoi 100. 
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Other syndeses 

CP can be prepared from 3-chloropropcnc (allyl chlo- 
ride) by adding ibis compound dropwise to sodium 
amide in mineral oil at 8D°C (Ctoss and Krantz 1966). 
3 3-DMCP can pe prepared by the method of BingeT 
(1974). DACP can be prepared by published methods 
(RegiU *rtd Liedhegener 1967), but caution should be 
exercised because of its explosive nature in concentrated 
form The concentration can be determined by the use of 
triphenylpbosphinc (Ramirez and Levy 1958). 

Stability or compounds 

DACP can be kept in the dark at -80*C. CP is unstable 
even at -80'C but can be stored at -196*0. At low con- 
centrations (about \%y it can be stored in the gas phase 
at room temperature for a few weeks undcT nitrogen, but 
some decomposition occurs with time (Hopf ct al. 19$5). 
1-MCP can be stored when diluted in an inert gas phase 
at 1.33 kPa at room temperature CO alley and Walsh 
1978). It is, however, unstable in the liquid phase even at 
-20°C Thus I -MCP should be free or other liquid or- 
ganic solvents. 3.3-OMCP is very stable, even at I00 6 C. 

Physical properties 

DACP is a liquid with a boiling point of 30 D C at 4 kPa. 
Because of its cjplosivcncs.s, it is usually not distilled. It 
should be kept at 25% solution in a solvent such as pen- 
tanc. CP boils al -35°C with much loss due to polymer- 
ization. Ji can polymerize resulting in explosivcncss if 
warmed too rapidly even in solutions. The boiling point 
of I -MCP is considered to be I0 9 C or lower. 3.3-DMCP 
is reported to boil at 14.5'C. Thus, all of these com- 
pounds an; gashes at nxim temperature (Closs IVno). 

Treatment of plants 

Any air-tight container is satisfactory for treatment. The 
concentration required to protect plants depends on the 
time of exposure. The longer the exposure, the lower the 
required concentration (Sislcr ct al. 1996a). A plot of the 
logarithm of the concentrativn vs thai of time of expo* 
sure required to inactivate the receptor gives a straight 
line in carnation (Fig. 1). There is a considerable differ- 
ence in the amount of 1 -MCP required for protection in 
different plants (Tab. 2): 1-MCP completely protects 
carnation and banana by a 24 -h exposure at 0.5 nl l' 1 . 
That means 15 ml of pure gas should be sufficient to 
ttat 30 000 of space. The volume of the container 
used is usually 3 I per banana, but no detailed study has 
teen made on the importance of container volume. In to- 
mato fruits obtained commercially at the mature green 
stage, a higher level is required - treatment with 7 nl V' 
!-MCP for 24 h is needed for complete protection. For 
maximum response in growing vegetative tissue and in 
abscission, a higher concentration is needed. Treatment 

^Jrfol. Plftm. 100. 1 9*7 
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with 40 nl I" 1 of 1-MCP for 6 h is required for maximum 
retardation of pea seedling growth. M is unclear why a 
much higher concentration is needed to counicract ethyl- 
ene in these tissues, but even this higher level re presents 
a far lower amount of active substance than of ethylene 
required to elicit the normal response. It will be interest- 
ing to study the basis of die large differences in the 
1-MCP concentration required to inactivate the receptor 
in different plant species and. perhaps, tissues. 

For how loiifc time ft re plants protected? 

The length of the protection pCrii^J has not ycl been de- 
termined nccuratcly. Some flowers may deteriorate for 
olhcr reasons before they again become ethylene sensi* 
live, thus preventing an accurate determination. Cur-na- 
tions treated with 1-MCP oppcaT to remain insensitive 
for 12-15 days at 24 *C. Some plant ports may become 
infected by fungi before they become sensitive to ethyl- 
ene after treatment with inhibitors, Banana and tomato 
fruit treated with CP or 1-MCP at 24'C remain insensi- 
tive for 12 days, then ripen normally. When treated with 
3,3-DMCP, fruit remained insensitive for 7 days (SisJer 
et al. 1996b). Attempts to determine the period of insen- 
sitivity of growing pea seedlings after treatment with 



Tab. 2. Concentration of l-methytcyctopropenc necessary for o 
maximum response. 



Species 


Response 


Time. 


Concentration, 




h 


nl I" 1 


Musa sapicntum 


Ripening 


24 


0.7 


L)Tnt#rs(&>n csculc/uum 


Ripening 


24 


7,0 


Qionihvs coryvphytlut 


Senescence 


24 


0.5 


Companvh carpal Tin 


Display life 


0 


20.0 


Pistuu sativum 


Growth 


74 


40.0 




Abscission 


24 


40.0 



579 



PAGE 10/13 * RCVD AT 4/3/2009 1 1:06:47 AM [Eastern Daylight Time]* SVR:USPTO-EFXRF-6/24*DNIS:2738300* CSID:2156191654* DURATION (mm-ss):03-16 



APR.03'2009 09:52 2156191654 



ROHM 5 HAAS 



#6917 P. Oil 



l-MCP have rven inconclusive. The seedlings continued 
to grow for 3 &i>n in ihc presence of ethylene, then 
stopped. The cells ihai were insensitive to ethylene prob- 
ably had completed their expansion by this lime, but 
may yet have been insensitive. Any newly-formed cells 
probably would have been sensitive since they would 
elaborate new binding sites. 

Effect of temperature 

At lower temperatures higher concentrations of the inhibi- 
tors are required for complete protection of carnation 
flowers against ethylene (Sisler et al. 1996a). suggesting 
that attachment to the receptor is lea* than at higher tem- 
peratures. The duration of the period of protection of lo- 
muto fruits by DACP is longer at lower temperatures 
(Sisler and Blankcnship 1993b); the compounds probably 
are removed from the receptor during storage as this is a 
temperature-dependent process. It could also be that syn- 
thesis of new receptors is higher at higher temperatures. 

Effect on ethylene production 

Treatment of carnation flowers with l-MCP prevented 
much of the climacteric rise in ethylene production 
(Sisler el al. 1996a) and treatment of Phalaenopm flow- 
ers completely inhibited the pollination -induced increase 
in ethylene production (Porw ct al 1995a). In tomato 
fruit, DACP inhibited ethylene production, but after the 
fruits again became sensitive to ethylene the climacteric 
Of ethylene production was considerably greater tlian 
that of control fruits. The greater capacity for producing 
ethylene may have developed during the period of recep- 
tor inaclivalion (Sisler yn<l Hlankcnshtp 1993a). 

Protection of ornamentals 

DACP and l-MCP have been used to render cut flowers 
and potted plants insensitive to ethylene. In rose, they 
protect against exogenous ethylene, increasing display 
life and reducing abscission of buds* flowers and leaves. 
These compounds (Screk et a). 1994a, 1996) provided as 
much protection as the conventional treatment with sil- 
ver thiosulfate (STS). Similarly l-MCP protected A*- 
simmeria* Antirrhinum majm\ Consolida vmhiguo, pr- 
amhus barbvtus t D. caryophyllus y Matthiola incarta. 
Penstemon hnrtwegii x R cobaea flowers (Serek et al. 
I995a,c), Chamelaitcium uncinatum (Gcrnldton wax 
flowers) (Serek et at. 1995b), Phlox paniculata flowers 
(Porat ei al. 1995b), Begonia and KaloKckoc (Serck et 
al. 1994b). and Petunia flowers (Serelc ei al. I995d). 

Other responses of l-MCP 

In the study of the effect of l-MCP on correlative effects 
of senescence. Serek et al. (I995d) showed that symp- 
toms such as electrolyte leakage and lipid fluidity were 
also retarded in Petunia. Anderson et al. (1990) showed 



that l-MCP treatment enhanced xylanasc-tnduccd ethyl J 
ene production in tomato and Capsicum pnnuum leav 
perhaps by preventing feedback inhibition of cthyle 
biosynthesis. Cardinale et al. (1995) reported 
l-MCP inhibits ethylene epinasiy in tomato plants, 
ct al. (3996) showed in Kalanchoe chat higher concentn^l 
lions of 1 -MCP were required at lower temperatures, 
foufld that there was no inhibition of ethylene respon 
in situations where ethylene production was already hig^l 
in l-MCP treated tissues. No reason for this curious obj 
servalion was given. Ijeli&vre ci al. (1997) showed 1 
treatment with l-MCP resulted in reduced accumulate 
of ACC oxidase transcripts and ethytcne production dorj 
ing chilling. 1 -MCP retards storage-induced le$f yellow^ 
ing. but reduces rooting ability of slorcd cuttings (Mil)]* 
etal. 1997). 

Relationship between structure and activity 

CP is u small molecule and because of its double bond ill 
is planar, with only hydrogens projecting from the plane! 
of the molecule <Fig. 2). It has a high amount of strain! 
enurgy and strained compounds lend to bind to electron J 
donor compound* such as low valent metals thai act to! 
relieve the strain. l-MCP is also a planar molecule, with! 
a methyl group attached at the double bond. This type of J 
molecule is-capwblc of an allene lypc i>1 arrangement and] 
this is probably also a factor in the bonding to the meialj 
assumed to be in the reccpior. 3,3-DMCP has two meTi 
thyl groups thut are isolated from ihc double bond. Sirtccj 
the methyl group is relatively large when compared to 1 
hydrogen, . these groups projecting from the plane of thai 
molecule could rcsuh in a considerable steric etTect. Me- j 
thyl groups arc also electron donors, which would lower] 
live strain energy in the CP ring, and this may be a mote J 
important etTect. Both sicric effects and the etTect of dc-l 
nating electrons (inductive effect) probably play a role in J 
lowering the efficacy of 3,3-PMCP. These and other! 
considerations should be taken into account in future de-f 
velopment of further compounds designed to inhibit the I 
effect of ethylene. 

Radiolabcl 

There is evidence thai ethylene hinds to the receptor only J 
in vivo. Any of these compounds should then be able tol 
serve as a radiolabcl in vivo and may help in the identify! 



A A 




cyclopropcnc » -••tKylcycAop'OMAO 3.J'dinethyloycI©prepc** ] 

Fig. 2. Siruciures of cyclopropenes. 
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cation of the ethylene receptor, perhaps leading to its 
eventual isolation. Some preliminary work has been done 
with 1-MCP as a rndiolabel (Sisler ct at 1996a). 

Ho>v do these compounds block the receptor? 

1-MCP. CP and 3,3-DMCP presumably bind to o meial 
in Ae ethylene receptor. They would thus compete with 
ethylene for the receptor, preventing the latter from 
binding in treated tissue^. Thus can be shown in two 
Tvays. The binding of radioactive ethylene to different 
binding components can be measured (Sisler 1991). and 
competitive action shown using p Scatchard plot 
(Pupitlc and Sisler 1995. Sislcret al. 1996a). It is also 
Vnown that ethylene (and all three of the cyclopropcnc 
inhibitors) display apparent competitive interaction in a 
variety of tests such as banana and tomato ripening, 
flower senescence and pea seedling growth as shown by 
Lineweaver-Burk plots (Screk et at. 1994b). Results of 
these different upproaches arc in agreement with the hy- 
pothesis that these compounds compete with ethylene 
for binding to the receptor. Afler an ethylene treatment, 
much of the ethylene diffuses rapidly from the receptor, 
whereas 1-MCP (and other inhibitory compounds) re- 
main bound for long periods (many uuys), While they 
are bound, ethylene cannot bind. 

Why docs 1-MCP not induce u response similar to 
ethylene? Ethylene may act by withdrawing electrons 
from a metal in the receptor, causing a ligand substitu- 
tion process that induces an action response (Sisler 
1977, 1991, SislC-r and Orc» 1981). 1-MCP should be 
capable of inducing such a response since, theoretically, 
it also would withdraw electrons from a metal. .Since 
1-MCP is so highly strained, its effect would be stronger 
than that of ethylene. As it binds to the receptor so 
strongly, it perhaps remains hound to the metal in the re- 
ceptor* and the formation of an active complex is not 



completed, thus effectively blocking the receptor. As 
both ethylene and 1-MCP withdraw electrons they prob- 
ably act similarly. We hypothesize that ethylene can 
leave the receptor, and that this departure is necessary 
for the formation of the active complex. Ethylene then 
would not be a part of the active complex, but the initia- 
tor of its formation. A model involving ligand substitu- 
tion is proposed to account for the experimental observa- 
tions (Fig. 3). Pans of this model have been presented 
before (Sisler 1977. 1991, Sisler and Gorcn 1981). Steps 
in the proposed model are: (I) ethylene approaches the 
metal and electrons are withdrawn: (2) another ligand in 
a trans position to it moves away from the metal; (3) yet 
another ligand moves toward the metal and as it does, 
ethylene is lost, and an active complex is formed; and 
(4) 1-MCP acts in a similar manner to ethylene, but it is 
not lost from the complex, and an active complex is 
therefore not formed. This model can account for many 
of the experimental results obtained in experiments with 
inhibitors of ethylene action. The proposed L|. L> L 3 » 
U,, and \* ligands arc unknown, but it is probable that 
one or more of them is localized on the ETR I gene prod- 
uct, a protein thought to be pan of the ethylene receptor 
(Schallcrand Bleccker 1995). Alternatively, perhaps all 
of them arc. Although unproven. this model may prove 
useful when designing experiments to elucidate the re- 
ceptor's mode of action. 

Conclusion 

This review covers the major aspects of the new inhibit 
tors til t lie receptor level, inhibitors that may be impor- 
tant new tools for controlling ethylene responses over 
extended periods. These compounds have only recently 
been discovered and much remains io be learned about 
thcvn> but it is likely arc they arc capable of controlling 
all ethylene responses in plants. 
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F iS« Proposed model for action of ethylene nnd 1-melhylcyclopropenc (1-MCP) on the ethylene rcccptvr. A meial <M>ort lhc rc- 
«ptoc surrounded bv Jigands (L.-L,) of unknown structure binds ethylene (£> or I -MCP With ethylene a hgand substitution process 
takes place and ethylene is expelled leading to an active receptor complex. With 1-MCP, it is too tightly bound to be expelled and an 
active receptor complex is not. formed. This model can occoum for why ethylene Is acilve and why t-MCP blocks ethylene re- 
sponse*, but the details of this process twain to be shown. 
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